We present a study of the X(3940) state in the process e + e − → J/ψ D * D. The X(3940) mass and width are measured to be (3942 − 61 ± 21) MeV. The analysis is based on a data sample with an integrated luminosity of 693 fb −1 recorded near the Υ(4S) resonance with the Belle detector at the KEKB e + e − asymmetric-energy collider.
PACS numbers: 13.66.Bc,12.38.Bx,14.40.Gx Double charmonium production in e + e − annihilation, first observed by Belle in 2002 [1] , can be used to search for new charmonium states, recoiling against some known and easily reconstructed charmonium. The study of various double charmonium final states [2, 3] demonstrated that there is no significant suppression of the production of radially excited states: the cross-sections for J/ψη c , ψ(2S)η c , J/ψη c (2S) and ψ(2S)η c (2S) are very close to each other. These studies also show that scalar and pseudoscalar charmonia are produced copiously recoiling against J/ψ or ψ(2S). A new charmonium-like state, X(3940), has been already observed in the spectrum recoiling against J/ψ, and reconstructed in the D * D [4] final state [5] . On the other hand, there has recently been a number of reports on observation of new charmonium or charmonium-like states above DD threshold [6] . Their properties are quite different from those expected from the quark model. These experimental results have renewed theoretical interest in spectroscopy, decay and production of charmonia [7] .
In this Letter we present a new study of the X(3940) resonance and report on the observation of a new charmoniumlike state in the process e + e − → J/ψ D ( * ) D ( * ) and the measurement of its parameters. The integrated luminosity used for this analysis is 693 fb −1 collected with the Belle detector [8] near the Υ(4S) resonance at the KEKB asymmetricenergy e + e − collider [9] . This study is performed using the selection procedure similar to that described in Ref. [1, 5] . All charged tracks are required to be consistent with originating from the interaction point. Charged kaon candidates are required to be positively identified, while no identification requirements are applied for pion candidates as the pion multiplicity is much higher than those of other hadrons. K 0 S candidates are reconstructed by combining π + π − pairs with an invariant mass within 10 MeV/c 2 of the nominal K 0 S mass. We require the distance between the pion tracks at the K 0 S vertex to be less than 1 cm, the transverse flight distance from the interaction point to be greater than 1 mm and the angle between the K 0 S momentum direction and decay path to be smaller than 0.1 rad. Photons are reconstructed in the electromagnetic calorimeter as showers with an energy more than 20 MeV that are not associated with charged tracks. Photons of energy more than 50 MeV are combined to form π 0 candidates. If the mass of γγ pairs lies within 15 MeV/c 2 of the nominal π 0 mass, such pairs are fitted with a π 0 mass constraint and considered as π 0 candidates. J/ψ candidates are reconstructed via the J/ψ → ℓ + ℓ − (ℓ = e, µ) decay channel. Two positively identified lepton candidates are required to form a common vertex that is less than 1 mm (≈ 6 σ) from the interaction point in the plane perpendicular to the beam axis. A partial correction for final state radiation and bremsstrahlung energy loss is performed by including the four-momentum of every photon detected within a 50 mrad cone around the electron direction in the e + e − invariant mass calculation. The J/ψ signal region is defined by the mass window
2 (≈ 2.5 σ). J/ψ candidates are subjected to a mass-vertex fit to improve their momentum resolution. QED processes are suppressed by requiring the total charged multiplicity in the event to be more than 4. J/ψ mesons from BB events are removed by requiring a center-of-mass (CM) momentum p We reconstruct D 0 mesons using five decay modes: 
Only one J/ψD or one J/ψD * + combination per event is accepted; the combination with the best sum of χ 2 of the mass fits for J/ψ and D ( * ) candidates is selected. In the D ( * ) sidebands a single candidate per event is selected as well. The sideband is divided into windows of the same width as the signal one, and the candidate with the smallest difference in mass from the center of its window is chosen.
The method for reconstructing the processes e + e − → J/ψ D ( * ) D ( * ) was described in [5] . In addition to the fully reconstructed J/ψ, only one of the D ( * ) 's is fully reconstructed (referred to below as D
, and the other unreconstructed
assoc ) in the event is observed as a peak in the spectra of masses recoiling against the reconstructed combination J/ψD ( * ) rec . The recoil mass against the particle or combination of particles is defined as
where E * X and p * X are the CM energy and momentum of the (combination of) particle(s). The M recoil (J/ψD 2 is used because of a possible contribution from e + e − → J/ψDD * * . The signal yields (including the tail due to initial state radiation [ISR] ) and statistical significances are listed in Table I . 
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We perform a study of these observed processes and search for new charmonium states X cc that can be produced via e + e − → J/ψX cc followed by the decay X cc → D The fitted parameters of the Breit-Wigner functions and significances of the resonance contributions are listed in Table II . We assess the significance of each signal using −2 ln(L 0 /L max ), where L max is the maximum likelihood returned by the fit, and L 0 is the likelihood with the amplitude of the Breit-Wigner function set to zero. This quantity should be distributed as χ from zero). The fit results are shown in Fig. 2 as the solid curves; the dashed curves are the background functions. The insets in Fig. 2 a) and b) show the background subtracted spectra with the signal functions superimposed. A fit to M (DD) distribution finds a broad resonance near the threshold, which is tentatively denoted as X(3880), with a statistical significance of 3.8 σ. However, the fit is not stable under variation of background parameterization as well as variation of the bin width. The fit with two resonances better describes the spectrum and is more stable, but the significance of the second resonance is lower than 3 σ. We conclude that the observed threshold enhancement is not consistent with non-resonant e + e − → J/ψDD production, but with the present statistics the resonant structure in this process cannot be reliably determined. The significance of the X(3940) signal found by the fit to the M (D rec D * assoc ) spectrum is 6.0 σ. The fitted width of X(3940) is slightly higher than that obtained in our previous analysis [5] . The 
mass of the state is in good agreement with the reported mass, and the signal yield scales with respect to the previous result in proportion to the luminosity. Separate fits to the D [2] . Taking into account the reconstruction efficiencies obtained from the MC simulation, the calculated Born cross-sections are:
The systematic errors of the parameters and production cross sections for X(3940) and X(4160) resonances are summarized in Table III . To estimate the fitting systematics we study the difference in X(3940) [X(4160)] parameters returned by the fit to the Fig. 2 b) and d) distributions under variation of the signal and background parameterizations, the fit ranges and the histogram bins as well as the resolution functions. We also vary the definitions of the signal and sideband regions to check the stability of the resonance parameters. Another uncertainty in the determination of the masses is due to possible momentum scale bias. This was estimated in the previous paper [5] to be smaller than 3 MeV/c 2 . The systematic error for the cross section calculation is dominated by the uncertainty in the J/ψ production and polarization angular distributions. In the MC both angular distributions are assumed to be flat and extreme cases (1 + cos 2 θ and sin 2 θ) are considered to estimate the systematic uncertainty in this assumption. In the case of the X(4160) another source of the systematic uncertainty is the D * + polarization, which is also taken into account by varying the D * + helicity angle distribution. Other contributions come from the uncertainty in the track and π 0 reconstruction efficiencies; lepton and kaon identification and in the absolute B(D ( * ) ). In summary, we have observed the processes e + e − → J/ψDD (D * D, D * D * ) and found significant enhancements in M (D ( * ) D ( * ) ) spectra around thresholds in all these processes. A broad enhancement in M (DD) is not consistent with non-resonant e + e − → J/ψDD production, however the present sample is not large enough to allow the resonant structure in this process to be determined. We have confirmed our observation of the charmonium state, X(3940) → DD * , produced in the process e + e − → J/ψ X(3940) with a significance of 5.7 σ including systematics. The X(3940) mass and width are (3942 + 7 − 6 ± 6) MeV/c 2 and Γ = (37
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